$0<f[?O$l I WOO0 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 291 821 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of publication: 


(51) 


mt ci7: G06T 5/20, G06T 5/00 




12.03.2003 Bulletin 2003/11 






(86) 


International application number: 


(21) 


Application number 02703858.7 


PCT/JP02/01476 


(22) 


Date of filing: 20.02.2002 


(87) 


International publication number: 








WO 02/069263 (06.09.2002 Gazette 2002/36) 


(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


NAKAJIMA, Ken, Sony Corporation 




MCNLPTSETR 




Shinagawa-ku, Tokyo 141-0001 (JP) 






• 


MITSUI, Satoshi, Sony Corporation 


(30) 


Priority: 26.02.2001 JP 2001050909 




Shinagawa-ku, Tokyo 141-0001 (JP) 


(71) 


Applicant: Sony Corporation 


(74) 


Representative: Turner, James Arthur et al 




Tokyo 141-0001 (JP) 




D. Young & Co., 








21 New Fetter Lane 








London EC4A 1DA (GB) 



(54) IMAGE NOISE REDUCTION METHOD AND DEVICE 



(57) The present invention relates to an image noise 
reduction method and apparatus to be preferably used 
to digitize and process, for example, an image signal. 
Therefore, in the case of the present invention, level val- 
ues a to h of peripheral pixels and the level value o of a 
watched pixel are respectively input to, for example, 
eight comparators 11 and the value "1" is output when 
absolute values of differences between the level values 
are smaller than the value of a reference level 0. More- 
over, peripheral pixels at point-symmetric positions 
about the watched pixel o are combined and signals out- 
put from the comparators 11 are supplied to four AND 
circuits 12 in accordance with combinations. Then, sig- 
nals output from the AND circuits 12 are supplied to 



eight AND gates 13 in accordance with each combina- 
tion and level values a to h of corresponding peripheral 
pixels are output to output ports 3 through the AND 
gates 13 when signals output from the AND circuits 12 
respectively have the value "1". Moreover, signals out- 
put from the AND circuits 12 are supplied to an adder 
1 4, the addition output is doubled by a multiplier 1 5, and 
the value "1 " is added to the multiplication value and out- 
put to an output port 4. Thereby, it is possible to perform 
the averaging operation by using only pixels in which 
pixels at point-symmetric positions about, for example, 
a watched pixel are combined and both are selected and 
thereby, it is possible to solve the problem that an aver- 
aged signal phase is deviated from an original position. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an image 
noise reduction method and apparatus for being prefer- 
ably used to process, for example, an image signal by 
digitizing it. Particularly, the present invention relates to 
an image noise reduction method and apparatus for 
solving a trouble when reducing noise components of 
an image signal by using the so-called e-filter. 

BACKGROUND ART 

[0002] For example, to reduce noise components in- 
cluded in an image signal, various methods have been 
proposed so far. Particularly, one of the simplest meth- 
ods having a large noise reduction effect is a method 
using a low-pass filter (hereafter referred to as LPF). 
The LPF is a device for transmitting only signals having 
components lower than a reference frequency. That is : 
by inputting a signal whose frequencies change to the 
LPF and observing the amplitude of an output signal, a 
characteristic is obtained that a component at a higher 
frequency lowers in level. 

[0003] However, when viewed from a different point, 
the LPF uses the average value of a watched pixel and 
adjacent pixels around the watched pixel as a new value 
of the watched pixel. That is, in the case of this method, 
signal levels of watched pixels strongly correlated with 
peripheral pixels are not greatly changed in their values 
even if the levels are averaged. However, random noise 
components having no correlation are averaged with 
noise components included in peripheral pixels and 
thereby, the value of the component is approached to 
"0". 

[0004] Therefore, when using the above LPF, the 
noise suppression effect increases as the search area 
of peripheral pixels is widened. However, in the case of 
the averaging operation with peripheral pixels by the 
LPF, image edge information is reduced similarly to 
noises and resultantly, the whole image becomes blurry 
though noises are decreased and a disadvantage oc- 
curs that the image quality is deteriorated. Therefore, 
an LPF serving as noise reduction means is not gener- 
ally used. 

[0005] To solve the disadvantage of the LPF, the so- 
called e-filter is disclosed (refer to Journal of Institute of 
Electronics, Information, and Communication Engi- 
neers Vol. 77 No. 8, pp. 844-852, April, 1994, Kaoru Ar- 
akawa "Nonlinear Digital Filter and Its Application"). 
That is, in the case of the e-filter disclosed in this docu- 
ment, when averaging a watched pixel and peripheral 
pixels, it is first determined whether the peripheral pixels 
has a correlation with the watched pixel. 
[0006] Specifically, by setting a certain reference level 
6, levels of the peripheral pixels are incorporated into 
averaging factors when the levels are included in the 



range of ±9 of the level of the watched pixel but they are 
not incorporated into averaging factors if they are not 
included in the range of ±0. Thus, whether to incorporate 
all peripheral factors into averaging factors is searched 

s and a new value of the watched pixel is obtained by the 
averaging operations with the watched pixel and the pe- 
ripheral pixels which are regarded as operation objects. 
[0007] Therefore, even if an image edge enters a 
search area, when the levels of pixels constituting the 

10 edge exceeds the range of ±6 of the level of the watched 
pixel, the edge is not regarded as an operation object, 
for example, it never happens that an image becomes 
blurry due to pixels constituting the edge being included 
in averaging. That is, with the e-filter, it is possible to 

15 suppress only noise components while leaving an im- 
age edge as it is by properly selecting the value of he 
reference level 8. 

[0008] Moreover, an actual circuit configuration of the 
e-filter is described below by using FIG. 5. In FIG. 5 : the 

20 diagram 1 shows a certain one point in an image area 
and imaged states of a watched pixel o and its peripheral 
pixels a, b. c, d, e, f, g, and h. Moreover, when substi- 
tuting level values of these pixels with the same notation 
as a to h and o, the level values a to h of these peripheral 

25 pixels are supplied to a selection circuit 2. Moreover, the 
value of the above reference level 6 and the level value 
o of the watched pixel are input to the selection circuit 2. 
[0009] In the selection circuit 2, the absolute value (la- 
ol) of the difference between the level value a of the pe- 

30 ripheral pixel a and the level value o of the watched pixel 
o is first calculated and the absolute value of the differ- 
ence is compared with the reference level 6. Then, when 
the absolute value of the above difference is smaller 
than the value of the reference level G, the level value a 

35 is output to an output port 3. Moreover, when the abso- 
lute value of the difference is larger than the value of the 
reference level 6, the level value a is not output to the 
output port 3 but the value "0" is output. Furthermore, 
the same calculations are applied to level values b to h 

40 of other peripheral pixels b to h. 

[0010] Therefore, eight output ports 3 equal to the 
number of peripheral pixels, for example, are provided 
for the selection circuit 2, and the level values a to h are 
output to the output ports 3 when the absolute value of 

^5 the above difference is smaller than the value of the ref- 
erence level 0 and the value "0" is output to the ports 3 
when the absolute value of the difference is larger than 
the value of the reference level 8. Moreover, an output 
port 4 is provided for the selection circuit 2 and a value 

50 obtained by adding "1 " to the number of the output ports 
3 to which the above level values a to h are output is 
output to the output port 4. 

[001 1 ] That is, level values a to h are output from the 
output ports 3 of the selection circuit 2 when absolute 
55 values of differences between a watched pixel and pe- 
ripheral pixels are all smaller than the value of the ref- 
erence level G and the value "9" is output to the output 
port 4. Moreover, when absolute values of differences 
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between the watched pixel and peripheral pixels are all 
larger than the value of the reference level 6, the value 
"0" is output from all output ports 3 and the value "1" is 
output from the output port 4. 

[0012] Outputs of the output ports 3 of the selection 
circuit 2 and the level value o of the watched pixel o are 
supplied to an adder 5 and a value selected by the out- 
put port 6 of the adder 5 is supplied to a subtracter 7. 
Moreover, a value outputted from the output port 4 of 
the selection circuit 2 is supplied to a divider 7. Then, in 
the divider 7, a value outputted from the output port 6 of 
the adder 5 is divided by a value outputted from the out- 
put port 4 of the selection circuit 2 and the value of the 
above operation result is output by an output port 8. 
[0013] A certain reference level 8 is set, and levels of 
the peripheral pixels are incorporated into averaging 
factors when the levels are included in the range of ± 6 
of the level of a watched pixel but the levels are not in- 
corporated into averaging factors when they are not in- 
cluded in the range and then, whether to incorporate all 
peripheral pixels into averaging factors is searched and 
only peripheral pixels to be incorporated as averaging 
factors are regarded as operation objects and as a re- 
sult, a new value of a watched pixel obtained through 
the averaging operation with the watched pixel is output 
to the output port 8. 

[0014] A specific circuit configuration of the selection 
circuit 2 of the above device is similar to the configura- 
tion shown in FIG 6. That is, in FIG. 6, for example, eight 
comparators 20 equal to the number of the above pe- 
ripheral pixels are obtained. Level values a to h of the 
above peripheral pixels, the level value o of the watched 
pixel, and the value of the reference level 6 are input to 
the comparators 20. Then, each comparator 20 outputs 
the value "1" when the absolute value of the difference 
between a peripheral pixel and the watched pixel is 
smaller than the value of the reference level ft. 
[0015] Moreover, a signal output from each of the 
comparators 20 is supplied to an AND gate 21 . Further- 
more, level values a to h of peripheral pixels are supplied 
to the AND gate 21 and corresponding one of the level 
values a to h of peripheral pixels is output to the output 
ports 3 through the AND gate 21 when a signal output 
from each of the above comparators 20 is equal to "1 
Furthermore, signals output from the comparators 20 
are supplied to an adder 22. Furthermore, an addition 
output of the adder 22 is supplied to an adder 23 and 
the value "1 " is added and output to the output port 4. 
[0016] Thereby, in the case of this circuit configura- 
tion, level values a to h of peripheral pixels are output 
through the AND gate 21 when absolute values of dif- 
ferences between level values a to h and the level value 
o of the watched pixel are smaller than the value of the 
reference level 0. Moreover, the value "0" is output when 
absolute values of the differences are larger than the 
value of the reference level 9. Furthermore, a value ob- 
tained by adding "1" to the number of level values a to 
h output to the output ports 3 through the above AND 



gate 21 is output to the output port 4. 
[0017] Thus, the selection circuit 2 outputs level val- 
ues a to h when absolute values of the above differences 
are smaller than the value of the reference level 6 and 

5 a value obtained by adding "1" to the number of output 
level values a to h. Moreover, the level values a to h and 
the level value o of the watched pixel are added and the 
addition value is divided by a value obtained by adding 
"1 " to the number of output level values a to h. Thereby, 

10 the averaging operation is applied to only pixels regard- 
ed as averaging factors and a new value of the watched 
pixel is derived. 

[001 8] Thus, the above e-filter makes it possible to ef- 
fectively reduce noises while preserving image edges. 

'5 in this case, however, a phenomenon occurs that an ar- 
ea for averaging watched pixels is moved depending on 
the position of a pixel regarded as an averaging factor 
and therefore, a signal phase serving as the center of 
gravity of a pixel is deviated from the position of a 

20 watched pixel. For example, when pixels to be incorpo- 
rated into averaging factors have an offset, an averaged 
signal phase is brought to the center of those pixels and 
thereby, it is deviated from the position of a watched pix- 
el. 

25 [0019] That is, as shown in FIG. 7A, when pixels to 
be incorporated into averaging factors are only pixels b, 
c, e, g, and h. the averaged pixel signal phase is brought 
to the center (intermediate point between pixels e and 
o) of six pixels including the pixel o as shown by symbol 

30 0 and thereby deviated from the position of the watched 
pixel o . Moreover, in the case of FIGS. 7B to 7D, aver- 
aged pixel signal phases are respectively shown by 
symbol • and deviated from the original position of the 
watched pixel o. 

35 [0020] Furthermore, operations become unstable for 
image edges including an intermediate level shown in 
FIG. 8A and therefore, the edges may be disordered. 
That is, a watched pixel is present at the position of the 
intermediate level, it is induced to any level closest to 

40 the watched pixel. However, when absolute values of 
differences between the intermediate level and levels of 
pixels before and after an edge are close to a reference 
level 9, a direction to be induced is reversed due to a 
slight fluctuation of the intermediate level and edges 

45 may be disordered as shown in FIG. 8B. 

[0021] That is, in FIG. 8A, it is determined that a 
watched pixel at the position of the intermediate level is 
close to black, six pixels including three black pixels are 
averaged as shown in FIG. 7A and the signal phase is 

so moved to right by 0.5 pixels. However, when it is deter- 
mined that the watched pixel is close to white, six pixels 
including three white pixels are averaged on the contra- 
ry to the above case and the signal phase is moved to 
left by 0.5 pixels. Thus, the signal phase is moved to 

55 right and left due to a slight fluctuation of the intermedi- 
ate level. 

[0022] Moreover, when movement of the signal phase 
to right and left occurs in a string of optional linear pixels, 



3 



5 



EP 1 291 821 A1 



6 



image edges are disordered as shown in FIG. SB and 
appear on a screen as noises different from original edg- 
es. The above disorder of image edges occurs not only 
in the illustrated vertical edges but also horizontal or di- 
agonal edges . In any case, they appear on a screen as 
noises different from the original edge. 

DISCLOSURE OF THE INVENTION 

[0023] The present invention makes it possible to pre- 
vent an averaged signal phase from shifting from the 
position of a watched pixel and cancel the possibility that 
generated image edges are disordered. Therefore, in 
the case of the present invention, pixels at point-sym- 
metric positions about a watched pixel are combined, 
and the averaging operations are performed by using 
combined pixels only when both pixels are selected. Im- 
age noise reduction method and apparatus of the 
present invention relating to the above mentioned are 
disclosed. 

BRIEF DESCRIPTION OF DRAWINGS 
[0024] 

FIG. 1 is a block diagram showing a configuration 
of an embodiment of a selection circuit used for im- 
age noise reduction method and apparatus to which 
the present invention is applied; 
FIG. 2 is an illustration for explaining operations of 
the embodiment in FIG. 1 ; 

FIG. 3 is an illustration for explaining another em- 
bodiment of the present invention; 
FIG. 4 is a block diagram showing a configuration 
of another embodiment of a selection circuit used 
for image noise reduction method and apparatus to 
which the present invention is applied; 
FIG. 5 is a block diagram for explaining a system to 
which image noise reduction method and apparatus 
of the present invention are applied; 
FIG. 6 is a block diagram showing a configuration 
of a selection circuit used for conventional noise- 
reduction method and apparatus; 
FIG. 7 is illustration for explaining the configuration 
in FIG. 6; and 

FIG. 8 is illustration for explaining the configuration 
in FIG. 6. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] The present invention is described below by 
referring to the accompanying drawings. FIG. 1 is a 
block diagram of a configuration of an embodiment of a 
selection circuit 2 used for image noise reduction meth- 
od and apparatus to which the present invention is ap- 
plied. That is, in the present invention, the whole appa- 
ratus configuration is the same as the configuration of 
the prior art shown in FIG. 5. Moreover, the present in- 



vention solves problems of the above-described con- 
ventional e-filter by improving the selection circuit 2 
shown in FIG. 6. 

[0026] In FIG. 1, for example, eight comparators 11 
5 equal to the number of peripheral pixels are provided 
the same as the case of FIG. 6 and level values a to h 
of the above peripheral pixels, the level value o of the 
watched pixel, and the value of the reference level 6 are 
input to these comparators 11. Moreover, the value "1" 
10 is output from each comparator 11 when absolute val- 
ues of differences between peripheral pixels and a 
watched pixel are smaller than the value of the reference 
level 8. This configuration is the same as that of a con- 
ventional comparator 20. 

[0027] Moreover, pixels at point-symmetric positions 
about the watched pixel o are combined among the 
above peripheral pixels a to h. That is, peripheral pixels 
a and h, b and g, c and f, and d and e are respectively 
combined. Then, signals output from the comparators 
11 are supplied to four AND circuits 12. Thereby, the 
value "1" is output from the AND circuits 12 when both 
of absolute values of differences between level values 
of combined pixels and the watched pixel are smaller 
than the reference level 6. 

[0028] Moreover, these signals output from the AND 
circuit 12 are supplied to eight AND gates 13 in accord- 
ance with the above combinations. Furthermore, level 
values a to h of the peripheral pixels are supplied to the 
AND gates 1 3 and the level values a to h of correspond- 
ing peripheral pixels are output to output ports 3 through 
the AND gates 13 when signal output from the AND cir- 
cuit 12 is value "1". The configuration of these AND 
gates 13 is the same as the configuration of a conven- 
tional AND gate 21. 

[0029] Furthermore, a signal output from the AND cir- 
cuit 12 is supplied to an adder 14. Furthermore ! an ad- 
dition output of the adder 14 is supplied to a multiplier 
1 5 and doubled. Then, a multiplication output of the mul- 
tiplier 15 is supplied to an adder 1 6 and added with the 
value M 1" and output to an output port 4. That is, in this 
case, because a signal output from the AND circuit 12 
represents a signal output from the comparator 11 to two 
combined peripheral pixels, the signal is set to the orig- 
inal value by doubling it by the multiplier 15. 
[0030] Thereby, in the case of the above circuit con- 
figuration, the level values a to h of the peripheral pixels 
when absolute values of differences between the level 
values a to h and the level value o of the watched pixel 
are all smaller than the value of the reference level 6 
about the peripheral pixels obtained by combining point- 
symmetric positions about the watched pixel o are out- 
put to the output ports 3 through the AND gates 13. 
Moreover, a value obtained by adding "1 " to the number 
of the output ports 3 to which the level values a to h are 
output through the above AND gates 13 is output to the 
output port 4. 

[0031] Thus, the selection circuit 2 outputs the level 
values a to h when absolute values of the above differ- 
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ences are smaller than the value of the reference level 
6 and a value obtained by adding "1" to the number of 
the level values a to h which are output. Then, these 
level values a to h are added with the level value o of 
the watched pixel and the addition value is divided by a 
value obtained by adding "1 " to the number of the level 
values a to h which are output and thereby, the averag- 
ing operation is applied to only pixels regarded as aver- 
aging factors and a new value of the watched pixel is 
selected. 

[0032] Then, in this case, the level values a to h of 
peripheral pixels output from the selection circuit 2 are 
necessarily combined with pixels at point-symmetric po- 
sitions about the watched pixel o. Therefore, when the 
averaging operation is performed the signal phase av- 
eraged is not deviated from the original position of the 
watched pixel but the signal phase always coincides 
with the position of the watched pixel. Thereby, it is pos- 
sible to cancel the possibility that image edges are dis- 
ordered in FIG. 8 described for Prior Art. 
[0033] That is, for example, in the case of the image 
edges in FIG. 8A. even if it is determined that the 
watched pixel at the position of the intermediate level is 
close to white or black, only one of point-symmetric pix- 
els is not incorporated into averaging factors but in this 
case, only upper and lower intermediate- 1 eve I peripher- 
al pixels are incorporated into averaging factors. There- 
fore, a signal phase is not moved to right and left due to 
a slight fluctuation of an intermediate level, image edges 
in FIG. 8A are directly output, and the disorder of the 
image edges in FIG. 8A is canceled. 
[0034] According to the present invention, when only 
one point of the watched pixel o shown in FIG. 2 fluctu- 
ates in levels, the level value of the watched pixel o is 
averaged when absolute values of differences between 
the level value o of the watched pixel and level values 
a to h of peripheral pixels are smaller than the value of 
the reference level 6 and noises are reduced. Moreover, 
when absolute values of differences between the level 
value o of the watched pixel and level values a to h of 
peripheral pixels are larger than the value of the refer- 
ence level 6, the level values are preserved as correct 
level values. 

[0035] Therefore, in the case of the above embodi- 
ment, by combining pixels at point-symmetric positions 
about a watched pixel and using only pixels which are 
both selected and thereby performing the averaging op- 
eration, an averaged signal phase is not deviated from 
the original position of the watched pixel and moreover, 
the possibility that generated image edges are disor- 
dered can be canceled. 

[0036] Thereby, in the case of a conventional appara- 
tus, if a pixel to be incorporated into averaging factors 
has an offset, a signal phase is deviated from the original 
position of a watched pixel and thereby, problems of dis- 
order of image edges and the like cannot be canceled. 
However, the present invention makes it possible to eas- 
ily cancel these problems. 



8 

[0037] Moreover, according to the present invention, 
there is no possibility that an offset occurs in a pixel to 
be incorporated into averaging factors, and thereby 
there is no possibility of the problem that an averaged 
5 signal phase is deviated from the original position of a 
watched pixel. Therefore, it is possible to widen the 
range for searching peripheral pixels. That is, In the case 
of the above embodiment, 3X3 pixels are searched. 
However, it is also possible to search 5x5 pixels or 
more pixels as shown in FIG. 3. 

[0038] Therefore, to search 5x5 pixels as shown in 
FIG. 3, the level value o of a watched pixel, level values 
a to y (excluding o) of peripheral pixels, and the value 
of the reference level e are input to 24 comparators 41 
of the selection circuit 2 shown in FIG. 4. Then, the value 
"1 " is output from each comparator 41 when absolute 
values of differences between the levels of the periph- 
eral pixels and the watched pixel are smaller than the 
value of the reference level 8. The above configuration 
is obtained by enlarging the configuration same as that 
of the conventional comparator 20. 
[0039] Moreover, the above pixels a to y (excluding o) 
at point-symmetric positions about the watched pixel o 
are combined. That is, peripheral pixels a and y, b and 
x, c and w t ... are respectively combined. Then : signals 
output from the comparator 41 are supplied to twelve 
AND circuits 42. Thereby, the AND circuits 42 output the 
value "1" when absolute values of differences between 
level values of the combined pixels and the watched pix- 
el are smaller than the value of the reference level G. 
[0040] Then, signals output from the AND circuits 42 
are supplied to twenty-four AND gates 43 in accordance 
with the above combinations. Moreover, level values a 
to y (excluding o) of the peripheral pixels are respective- 
ly supplied to the AND gates 43 and when signals output 
from the above AND circuits 42 respectively have the 
value "1 level values a to y (excluding o) of correspond- 
ing peripheral pixels are output to the output ports 3 
through the AND gates 43. The configuration of these 
AND gates 43 is obtained by enlarging the configuration 
same as that of the conventional AND gate 21 . 
[0041] Moreover, though not illustrated, signals out- 
put from the AND circuits 42 are supplied to an adder 
and the addition output is doubled by a multiplier. Then, 
the multiplication output of the multiplier is supplied to 
an adder, added with the value "1", and output to the 
output port 4. That is, in this case, because the signals 
output from the AND circuits 42 represent signals output 
from the comparator 41 to two peripheral pixels respec- 
tively combined, the former signals are set to original 
values by doubling the signals by a multiplier. 
[0042] Thus, the selection circuit 2 outputs the level 
values a to y (excluding o) when the above absolute val- 
ues of differences are smaller than the value of the ref- 
erence level 6 and a value obtained by adding "1" to the 
number of the level values being output. Then, these 
level values and the level value o of the watched pixel 
are added and divided by the value obtained by adding 
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"1" to the number of level values which are output and 
thereby, the averaging operation only for pixels regard- 
ed as averaging factors is performed and a new value 
of the watched pixel is selected. 

[0043] Thus, also in the case of this embodiment, the 5 
averaging operations are performed by using only pixels 
in which pixels at point-symmetric positions about a 
watched pixel are combined and both are selected. 
Therefore, an averaged signal phase is not deviated 
from the original position of the watched pixel and it is 
also possible to cancel the possibility of disorder of gen- 
erated image edges or the like. The above configuration 
can correspond to a case of searching 7x7 pixels or 
more by only enlarging a circuit. 
[0044] That is, when the noise suppression effect of 
an e-filter is maximally shown, the averaging operation 
is applied to a flat image, that is : all pixels a to h in FIG. 
2. When the number of averaging factors is decreased 
as shown in FIG. 7, the noise suppression effect is also 
decreased. Therefore, in the case of this image, even if 
operations of an e-filter are turned off, the influence de- 
gree on the image is small. 

[0045] Therefore, in the case of the present invention, 
processing is performed resulting to reduce averaging 
factors. However, when the above image edges enter 
an area, the effect by averaging is originally decreased. 
Therefore, deterioration of an image is not accelerated 
by the present invention while it is possible to preserve 
edges in natural forms and maximally show the noise 
suppression effect in the case of a flat image. 
[0046] Thus, the above image noise reduction meth- 
od is an image noise reduction method for reducing 
noise components by detecting level differences be- 
tween a watched pixel and its peripheral pixels and se- 
lecting only pixels whose level differences are smaller 
than a reference value to apply the averaging operation, 
in which the averaging operations are performed by us- 
ing only pixels in which pixels at point-symmetrical po- 
sitions about a watched pixel are combined and both 
are selected. So, an averaged signal phase is not devi- 
ated from the original position of the watched pixel and 
the possibility of disorder of image edges can be can- 
celed. 

[0047] Moreover, the above image noise reduction 
apparatus is an image noise reduction apparatus for re- 
ducing noise component, comprising detection means 
for detecting level differences between a watched pixel 
and its peripheral pixels, selection means for selecting 
only pixels whose level differences are smaller than a 
reference value, and operation means for performing 
the averaging operation by using the selected pixels s 
characterized in that an averaged signal phase is not 
deviated from the original position of the watched pixel 
and the possibility of disorder of image edges or the like 
can be canceled by using means for combining pixels 
at point-symmetric positions about the watched pixel 
and selecting only pixels in which the combined pixels 
are both selected and thereby performing the averaging 



operation by both the operation means. 
[0048] The present invention is not restricted to the 
above-described embodiment but various modifications 
are allowed as long as they are not deviated from the 
spirit of the present invention. 

[0049] That is, according to the present invention, the 
averaging operation is performed by using only pixels 
in which pixels at point-symmetric positions about a 
watched pixel are combined and both selected. There- 
fore, an averaged signal phase is not deviated from the 
original position of the watched pixel and the possibility 
of disorder of image edges can be canceled. 
[0050] Moreover, according to the present invention, 
it is possible to further widen the search range of periph- 
eral pixels by setting the range of peripheral pixels to a 
range of 3 x 3. 

[0051] Furthermore, according to the present inven- 
tion, it is possible to further widen the search range of 
peripheral pixels by setting the range of peripheral pixels 
to a range of 5 x 5. 

[0052] Furthermore, according to the present inven- 
tion, it is possible to further widen the search range of 
peripheral pixels by setting the range of peripheral pixels 
to a range exceeding 5x5. 

[0053] Furthermore, according to the present inven- 
tion, it is possible to perform very preferable processing 
by digitizing and processing each pixel level. 
[0054] Furthermore, according to the present inven- 
tion, an averaged signal phase is not deviated from the 
original position of a watched pixel and the possibility of 
disorder of generated image edges can be canceled by 
using only pixels in which pixels at point-symmetric po- 
sitions about the watched pixel are combined and both 
are selected. 

[0055] Furthermore, according to the present inven- 
tion, it is possible to further widen the search range of 
peripheral pixels by setting the range of peripheral pixels 
to a range of 3 x 3. 5 x 5, or more. 
[0056] Furthermore, according to the present inven- 
tion , it is possible to further widen the search range of 
peripheral pixels by setting the range of peripheral pixels 
to a range of 3 x 3. 

[0057] Furthermore, according to the present inven- 
tion, it is possible to further widen the search range of 
peripheral pixels by setting the range of peripheral pixels 
to a range of 5 x 5. 

[0058] Furthermore, according to the present inven- 
tion, it is possible to further widen the search range of 
peripheral pixels by setting the range of peripheral pixels 
to a range exceeding 5x5. 

[0059] Furthermore, according to the present inven- 
tion, it is possible to perform very preferable processing 
by digitizing and processing each pixel level. 
[0060] Thereby, in the case of a conventional appara- 
tus, when a pixel to be incorporated into averaging fac- 
tors has an offset in the so-called e-filter, an averaged 
signal phase may be deviated from the original position 
of a watched pixel and thereby, it is impossible to solve 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 291 821 A1 



12 



the problem of disorder of image edges. However, ac- 
cording to the present invention, it is possible to easily 
solve the problems. 



claim 6, characterized in that 

the range of the peripheral pixels is set to a 
range of 3 x 3. 



Claims 

1 . An image noise reduction method comprising for re- 
ducing noises by detecting level differences be- 
tween a watched pixel and its peripheral pixels and 
selecting only pixels the level differences of which 
are smaller than a reference value to perform the 
averaging operations : characterized in that 

pixels at point-symmetry positions about the 
watched pixel are combined and said averaging op- 
erations are performed using only said combined 
pixels which are both selected pixels. 

2. An image noise reduction method according to 
claim 1 , characterized in that 

the range of the peripheral pixels is set to a 
range of 3 x 3. 



5 8. The image noise reduction apparatus according to 
claim 6, characterized in that 

the range of the peripheral pixels is set to a 
range of 5 x 5. 

io 9. The image noise reduction apparatus according to 
claim 6, characterized in that 

the range of the peripheral pixels is set to a 
range exceeding 5X5. 

'5 10. The image noise reduction apparatus according to 
claim 6, characterized in that 

the level of each of the pixels is digitized and 
processed. 
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3. An image noise reduction method according to 
claim 1 , characterized in that 25 

the range of the peripheral pixels is set to a 
range of 5 x 5. 

4. An image noise reduction method according to 
claim 1 , characterized in that 30 

the range of the peripheral pixels is set to a 
range exceeding 5X5. 

5. An image noise reduction method according to 
claim 1 , characterized in that 35 

the level of each of the pixels is digitized and 
processed. 

6. An image noise reduction apparatus for reducing 
noise components, comprising: 40 

detection means for detecting level differences 
between a watched pixel and its peripheral pix- 
els; 

selection means for selecting only pixels the 45 
level differences of which are smallerthan a ref- 
erence value; and 

operation means for performing the averaging 
operations by using the selected pixels; char- 
acterized In that 50 
pixels at point-symmetry positions about a 
watched pixel are combined, and means is pro- 
vided for deriving only combined pixels which 
are both selected pixels, and 
averaging operations by said operation means 55 
are performed by using only said derived pixels. 

7. The image noise reduction apparatus according to 
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FIG. 2 




FIG. 3 
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FIG. 8A 
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DESCRIPTION OF REFERENCE NUMERALS 

1 . . . PATTERN SHOWING A CERTAIN POINT IN IMAGE AREA 

2 . . . SELECTION CIRCUIT 
3 , 4 ... OUTPUT PORT 

11 ... COMPARATOR 

12 ... AND CIRCUIT 

13 . . . AND GATE 
14, 16 ... ADDER 
15 ... MULTIPLIER 
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